Aims: To determine whether the supernatants of oncolytic herpes simplex virus type 1 (HSV-1)-infected squamous cell carcinoma (SCC) cells can stimulate cytotoxic T cells through dendritic cell (DC) maturation, in vitro and in vivo experiments were performed.
Introduction
Oncolytic virotherapy is a novel therapeutic modality that directly induces the lysis of infected tumor cells and subsequently enhances host immune responses [1, 2, 3, 4, 5] . Herpes simplex virus type 1 (HSV-1) is one of the most widely studied oncolytic viruses for the treatment of patients with solid tumors. [6, 7] .
The activation of dendritic cell (DC) may be directly induced by infectious agents and indirectly by inflammatory products. One of the main roles of DCs in the induction of adaptive immunity is antigen presentation. Captured antigens are processed by the endocytic pathway of DCs and loaded on major histocompatibility complex (MHC) molecules [8] . MHC class II-rich compartment in DCs allows for the rapid presentation of exogenous antigens for the generation of CD4 + T helper cells [9] . In the activation of cytotoxic CD8 + T cells, DCs present endogenous antigens via class I MHC molecules following direct infection, as observed during infections by HSV [10] . CD4 + T cells are required for the priming of CD8 + T cells after HSV-1 infection [11] .
Previously, we reported that an injection of oncolytic HSV-1 strain RH2 into squamous cell carcinoma cell (SCC) SCCVII tumors in inbred mice was shown to reduce the growth of injected and non-injected tumors and enhance the activity of CD8 + T cells [12] . We also indicated that the supernatants of RH2-infected cells suppressed tumor growth, even if infectivity was lost by ultraviolet irradiation, suggesting the ability of molecules secreted from HSV-1-infected tumor cells to enhance antitumor immunity [13] . However, the role of DC in RH2-mediated enhancement of antitumor immunity remains unknown. In the present study, we examined the ability of the supernatants of oncolytic HSV-1 RH2-infected SCC cells to stimulate cytotoxic T cells through DC maturation.
Materials and methods

Cells and virus
SCCVII cells derived from the cutaneous SCC of C3H mice were cultured with Eagle's minimal essential medium (MEM) supplemented with 10% calf serum at 37°C in a humidified atmosphere with 5% CO 2 [12, 13] . Yac-1 lymphoid cells induced by Molony virus in A/Sn mice were obtained from the Riken Cell Bank (Ibaraki, Japan) and cultured in RPMI 1640 supplemented with 10% fetal bovine serum (FBS). HSV-1 strain RH2 lacking the γ34.5 gene and with multiple mutations including glycoprotein B were grown in Vero cell monolayers and infectivity was assessed using a plaque assay on a Vero cell monolayer [12, 14] .
Preparation of concentrated supernatants of RH2-infected cells
SCCVII cells were infected with RH2 at a multiplicity of infection (MOI) of 10. After being incubated for 60 min for virus adsorption, cell monolayers were washed twice with phosphatebuffered saline (PBS), covered with serum-free medium, and cultured for 24 h. Culture supernatants were then harvested, and centrifuged at 1,500 rpm for 10 min to remove cell debris. The supernatants were concentrated 30 times using Amicon®Ultra-15 3K Centrifugal Filter Devices (Merck) [13] . Concentrates were exposed to ultraviolet irradiation at an intensity of 0.15 mW/cm 2 for 30 min in order to inactivate the infectivity of the virus, filtered through a 0.20-µm filter, and named Med24. Mock-infected cells were also incubated in serum-free medium, supernatants were harvested 24 h later, treated as described for RH2-infected cells, and named MedC.
Tumor induction and tumor treatment with Med24 and MedC
In order to prepare splenocytes from tumor-bearing mice, 5-week-old C3H/HeJJcl female mice were obtained from Clea Japan (Tokyo, Japan) and 1 × 10 6 SCCVII cells were injected subcutaneously into the backs of these mice. In experiments involving treatments with Med24 and MedC, tumors were generated in both legs by a subcutaneous injection of 1 × 10 6 SCCVII cells. After the longer axis of tumors reached 5 mm, 100 µl of Med24 or MedC was administered to one side of the leg tumor three times at 3-day intervals. Contralateral leg tumors were left untreated. Fourteen days after the start of the treatment, the splencytes of mice were prepared. Experiments were conducted with the approval of the Institute of Laboratory.
Preparation of DCs, CD4
+ T cells, and CD8 + T cells from tumor-bearing mouse spleens SCCVII tumors were produced on the backs of mice and spleens were removed after tumors reached approximately 5 mm in diameter. The tissue homogenate was passed through a mesh. Splenocytes were overlayed on Lympholyte ®-M (Cedarlane, Burlington, Canada), centrifuged at 3,500 rpm for 20 min, and the leukocyte layer obtained was harvested. Splenocytes were then washed with PBS and suspended in serum-free RPMI 1640 medium. They were reacted with CD11c MicroBeads (MiltenyiBiotec) at 4°C for 15 min and applied to an LS column (MiltenyiBiotec) to recover CD11c + DCs [15] . DCs were resuspended in RPMI 1640 medium supplemented with 10 ng/ ml granulocyte macrophage colony-stimulating factor, 10 ng/ml interleukin (IL)-4, and 10%FBS [16] . In order to separate CD4 + T cells, splenocytes were suspended in MACS Buffer, mixed with CD4 (L3T4) MicroBeads, and incubated at 4°C for 15 min. After washing, CD4 + T cells were collected on the LS column by positive selection. Similarly, CD8 + T cells were isolated using CD8a (Ly-2) MicroBeads [17, 18] .
Treatment of DCs with Med24 and MedC and measurement oftumor necrosis factor α (TNF-α) by an enzyme-linked immunosorbent assay (ELISA)
Spleen-derived DCs from tumor-bearing mice were plated at 2×10 5 /well on 24-well plates, mixed with Med24, MedC, or MEM in 500 µl medium, and cultured for 48 h. Samples from the supernatants of SCCVII cells were diluted 1:5 at this stage.
Alternatively, spleen-derived DCs from tumor-bearing mice were incubated with Med24 or MedC for 3 h, with a sample dilution of 1:1.6. After the incubation, the culture medium of DCs was harvested and centrifuged at 1,500 rpm for 10 min to remove cell debris and the amount of TNF-α in the culture medium was measured using Quantikine® ELISA mouse TNF-α (R & D Systems) according to the manufacturer's instruction. The amount of TNF-α was measured at an absorbance of 450nm with a microplate reader (Benchmark Plus, Bio-Rad).
Co-culture of DCs and T cells and measurement of interferon γ (IFN-γ) by ELISA
Spleen-derived DCs from tumor-bearing mice were incubated with Med24 or MedC for 3 h and named Med24-DCs and MedCDCs. As a control, spleen-derived DCs were incubated in the presence of MEM, instead of Med24 and MedC, for 3 h and named MEM-DC. CD4
+ T cells and CD8 + T cells from tumor-bearing mice were plated at 2×10 5 /well on 24-well plates, mixed with pulsetreated DCs at a ratio of 9:1, and cultured for 48 h. The amounts of IFN-γ produced in the culture medium were measured using Quantikine® ELISA mouse IFN-γ. (R & D Systems) according to the manufacturer's instructions.
In a co-culture study with T cells and cancer cells, mice with leg tumors were treated with intratumoral injections of Med24 or MedC on one leg, and splenocytes were prepared. SCCVII and Yac-1 had been plated on 12-well plates 24 h previously. Thereafter, 2×10 6 splenocytes were mixed with tumor cells at a ratio of 20:1, and incubated at 37°C for 48 h. IFN-γ produced in the culture medium was measured using Quantikine® ELISA mouse IFN-γ.
Lactate dehydrogenase (LDH) release assay
SCCVII cells and Yac-1 cells had been plated at 5×10 3 /well on 96-well plates 24 h previously. Splenocytes were prepared from Med24-treated or MedC-treated mice, mixed with tumor cells at effector / target ratios of 5:1, 20:1, and 50:1, and cultured for 24 h. Thereafter, the culture medium was harvested and cytoplasmic enzyme LDH release was evaluated using MTX-LDH (Kyokuto, Tokyo, Japan) according to the manufacturer's instructions. In positive control wells, TritonX-100 was used at a final concentration of 0.8% to assess maximal LDH release. Percent cytotoxicity was calculated as 100 × (experimental LDH -spontaneous LDH) / (maximum LDH release -spontaneous LDH) [12, 13] . In order to minimize the effects of effector cells, splenocytes were cultured in the absence of cancer cells and the spontaneous release of LDH from splenocytes was assessed. These values were subtracted from the data obtained by the coculture.
Flow cytometry
Tumor tissues were homogenized and dissociated. Tumorinfiltrating cells were collected through meshes and suspended in RPMI 1640 supplemented with 10 U/ml IL-2. Cells were reacted with anti-mouse CD8a Fluorescein Isothiocyanate (FITC) (Affymetrix) or Rat IgG2a K Isotype Control FITC (MiltenyiBiotec) at 4°C for 30 min under protection from light. After washing twice, 
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Statistical Analysis
Statistical analyses of two groups were performed using the Student's t-test with Microsoft Excel (Microsoft, Redmond, WA). For multiple comparisons, a one-way Analysis of Variance (ANOVA) and Student's t-test were used. Results were expressed as the mean ± SD. Differences were considered to be significant at P < 0.05.
Results
Production of TNF-α from DCs by concentrated supernatants of RH2-infected cells
Several agents have been used to differentiate immature DCs into mature antigen-presenting cells [15, 19] . After maturation, DCs acquire the ability to produce cytokines such as TNF-α , IL-12, and IFN [16, 20, 21] . For preparation of concentrated supernatants of RH2-infected cells, SCCVII cells were infected with RH2 at a MOI of 10. After 24 h, culture supernatants were concentrated, exposed to ultraviolet irradiation in order to inactivate the infectivity of the virus, and named Med24. Supernatants of mock-infected cells were treated in a similar manner and named MedC. In order to investigate the effects of Med24 on DCs, DCs were prepared from the spleens of SCCVII tumor-bearing mice, incubated with concentrated supernatants for 48 h, and the production of TNF-α was then evaluated by an ELISA. The mean values of TNF-α in MEM alone, Med24, and MedC groups were 301 pg/ml, 434 pg/ml, and 349 pg/ml, respectively. The amount of TNF-α was increased by the incubation with Med 24, reaching 144% of the control (MEM alone). Even if DCs were pulse-treated with Med24 for 3 h, a significant increase in TNF-α was noted ( Figure 1A) . Therefore, these pulse-treated DCs, Med24-DC and MedC-DC, were used in subsequent co-culture studies.
Production of IFN-γ by a co-culture of T cells and DCs
CD8
+ T cells need to proliferate clonally and acquire function in order to eliminate virally infected or transformed cells [22, 23] . In order to assess the effects of DCs on T cell activation, co-culture studies were conducted using Med24-DCs and MedC-DCs. Control DCs, named MEM-DCs, were incubated with MEM for 3 h. CD4 + T cells and CD8 + T cells were also prepared from tumor-bearing mice. When CD4 + T cells were co-cultured with Med24-DCs or MedC-DCs, IFN-α levels in the culture medium were increased as compared with control (MED-DC). The amounts of IFN-γ in the culture medium of Med24-DCs and MedC-DCs groups were 135% and 120% of the control (MEM-DC), respectively and a significant difference was observed between the Med24 and MedC groups ( Figure 1B ). When CD8 + T cells were co-cultured with DCs, more IFN-γ was also produced in the Med24-DC group ( Figure 1C) . A significant difference was observed between the Med24-DC and MedC-DC groups. 
Effects of an intratumoral injection of Med24 on IFN-γ-producing ability and cytotoxic activity of splenocytes
Since DCs, CD4 + T cells, and CD8 + T cells were activated by Med24 in vitro, we investigated whether the antitumor ability of splenocytes may be activated by the in vivo administration of Med24. When SCCVII cells were co-cultured with the splenocytes of Med24-treated mice or MedC-treated mice, the amounts of IFN-γ produced were 4,671 pg/ml and 1,554 pg/ml, respectively. A 3-fold difference was noted between the Med24 and MedC groups (Figure2A). In contrast, the co-culture with Yac-1 cells did not increase the production of IFN-γ from splenocytes. LDH release assays were performed to assess the cytotoxicity of splenocytes to SCCVII cells. When splenocytes were cocultured with SCCVII cells at an effector / target ratio of 50:1, the values in the Med24 and MedC treatment groups were 25 % and 6%, respectively, indicating an increase in the cytotoxic ability of splenocytes in the Med24 group (Figure2B).
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Flow cytometry of CD8 + T cells infiltrating tumors
We then investigated whether an intratumoral injection of Med24 promoted CD8 + T cell infiltration into tumor tissues. Med24 or MedC were injected into one side of the leg tumor and CD8 + T cells infiltrating on both sides of the tumor were analyzed using flow cytometry ( Figure 3A) . On the injected side, the mean values of tumor-infiltrating CD8 + T cells in the Med24and MedC groups were 3.7% and 0.96%, respectively. On the noninjected contralateral side, the mean values for the Med24 and MedC groups were 4.3% and 1.1%, respectively (Figure3B). A significant difference was observed between the two groups on both sides of the tumor, indicating the systemic effect of Med24 on tumor immunity. 
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Discussion
Numerous oncolytic viruses are potent inducers of class I MHC pathway-related molecules, thus immediately providing possible tumor/viral immune recognition, providing possible tumor and viral immune recognition [24] . With respect to DCs, oncolytic viruses such as HSV-1, reovirus, vaccinia virus, and measles virus induce the production of numerous cytokines and increase the expression of co-stimulatory molecules (CD80 and CD86) and class II MHC [25] [26] [27] [28] . Using HSV d120 HSVd120lacking the immediate early gene ICP 4infected cell protein (ICP)4, Benencia et al. [2] showed that infected tumor cells induced DC maturation more efficiently than tumor cells killed by ultraviolet irradiation. Ma et al. [20] also reported that the supernatants of retinoblastoma cells improved the antigen-presenting function of DCs and their ability to activate T cells. However, the role of secreted molecules from HSV-1-infected SCC in DCs-mediated T cell activation had not been studied.
Previously, we prepared the supernatants of RH2-infected SCCVII cells in which virus infectivity was lost by ultraviolet irradiation and demonstrated the ability of the supernatants to enhance antitumor immunity in tumor-bearing mice [13] . In the present study, we examined the ability of supernatants collected 24 h after infection, i.e., Med 24,to induce the maturation of DCs prepared from the spleens of tumor-bearing mice. A significant increase in TNF-α occurred in the culture medium of DCs treated with Med24, indicating that Med 24 had the ability to induce DCs in order to produce cytokines. When we used DCs pulse-treated with Med24 or MedC, i.e., Med24-DCs and MedC-DCs, for cocultivation with CD4 + T cells or CD8 + T cells, an increase of INF-α production was observed as compared with unstimulated DCs (MEM-DC) It is possible that DCs as well as T cell produce IFN-γ because DCs were included in the co-culture study. However, since the ratio of T cells and DCs was 9:1, the contribution of DCs on IFN-γ production may be low. Therefore, it is considered that DCs contributed to successful presentation of MHC class I and MHC class II antigenic peptides on CD4 + T cells and CD8 + T cells and the production of INF-γ by these T cells.
In this regard, damage-associated molecular patterns (DAMPs) are molecules derived from normal cells that can initiate and perpetuate immunity in response to cell/tissue damage in the absence of pathogenic infection. They can be proteins, DNA, RNA, or metabolic products [4, 29] . Protein DAMPs include intracellular proteins, such as high-mobility group box 1 (HMGB1), heat-shock proteins (HSPs), and proteins in the intracellular matrix that are generated following injury [4, 29, 30] . We also reported that DAMPs, ATP and HMGB1, were released extracellularly, while another DAMP, clareticulin, translocated to the cell membrane, indicating the production of DAMPs from SCC cells by on colyitc HSV-1 [13] . Therefore, DMPAs in the supernatants of the RH2-infected cells may contribute to the ability of Med24 to enhance tumor immunity [31] .
In vivo studies, Workenhe et al [32] reported that tumors infected with the (ICP0)-deficient HSV-1 (dICP0) showed significant higher levels of DAMPs, with higher numbers of antigen-presenting cells within the tumor and increased antigenspecific CD8
+ T-cell levels in the peripheral blood. Oncolytic HSV-1 T -vec injections into melanoma patients have also been reported to induce local and systemic antigen-specific T cell responses and decrease CD4 +
FoxP3
+ regulatory T cells, CD8 + FoxP3 + suppressor T cells, and myeloid-derived suppressive cells [33] . We also performed in vivo experiments to determine whether cytotoxic T cells can be activated following administration of Med24. Mice were treated three times with an intratumoral injection of Med24 or MedC. When splenocytes of the treated mice were co-cultured with SCCVII cells, more INF-γ was produced in the Med24-treated group than in the MedC-treated group. Since the effects of Med24 on the production of IFN-γ were not observed by a co-culture of splenocytes and Yac-1 cells, the enhanced immunity was found to be specifically directed to SCCVII cells. Splenocytes from Med24-treated mice were more cytotoxic to SCCVII cells than the splenocytes of MedC-treated mice. Using flow cytometry, we also found that a larger number of infiltrating CD8 + T cells were detected in the tumors of mice treated with Med24. This enhanced infiltration was observed on the non-injected side of the tumor, indicating the activation of systemic antitumor immunity. Together, we concluded that the intratumoral injection of molecules released from RH2-infected SCCVII cells promoted adaptive antitumor immunity through the activation of DCs, CD4 + T cells, and cytotoxic CD8 + T cells.
Conclusion
We herein suggested that DCs in SCCVII tumor-bearing mice matured in the presence of the supernatants of RH2-infected SCCVII cells and activated CD4 + T cells and CD8 + T cells. This may promote the immunological effects of oncolytic HSV-1 RH2 on SCC cells. Therefore, the supernatants of the HSV-1-infected SCC cells can be the source to identify the unique molecules that elicit subsequent antitumor immunity.
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